The objectives of this study were to estimate heritabilities within herds participating in Dairy Herd Improvement and determine the relationship of the individual herd heritability with sire misidentification rate. Individual herd heritabilities for milk, fat, and protein yield and somatic cell score (SCS) were calculated with daughter-dam regression and daughter-sire predicted transmitting ability (PTA) regression using 4,712,166 records from 16,336 herds available for August 2000 evaluations and 7,084,953 records from 20,920 herds available for August 2006 evaluations. Herd heritabilities were estimated using regression models that included fixed breed, age within parity, herd-year-season of calving, dam records nested within state, sire PTA within state, and an interaction between sire PTA and herd variance; random regression coefficients were dam records within herd and sire PTA within herd. Average daughter-dam herd heritability estimates ranged from 0.21 (SCS in 2000) to 0.73 (protein percentage in 2006), whereas daughter-sire herd heritability ranged from 0.10 (SCS in 2000) to 0.42 (protein percentage in 2006). Verification of sire identification with DNA marker analysis was provided by Accelerated Genetics and Alta Genetics Inc. Daughter-sire herd heritability was more strongly correlated with sire misidentification rate than daughter-dam herd heritability. The correlation between the first principal component for all measures of herd heritability and sire misidentification rate was −0.38 (176 herds) and −0.50 (230 herds) in 2000 and 2006, respectively. Herd heritability can be estimated with simple regression techniques for several thousand herds simultaneously. The herd heritability estimates were correlated negatively with sire misidentification Received July 20, 2007. Accepted December 19, 2007 Corresponding author: cdechow@psu.edu 1640 rates and could be used to identify herds that provide inaccurate data for progeny testing.
INTRODUCTION
Heritability for yield varies among herds differing in characteristics such as mean milk production, phenotypic variance for yield, herd size, percentage of cows that are registered, average age at first calving, and region of the country (Van Vleck, 1970; Norman et al., 1972; Lofgren et al., 1985; Vinson, 1987; Dimov et al., 1995; Van Tassell et al., 1999; Zwald et al., 2003; Dechow and Norman, 2007) . Not all variation in heritability among herds can be explained by general herd characteristics. Dechow and Norman (2007) demonstrated that individual herd heritabilities (h 2 H ) could be estimated with moderate accuracy using regression techniques that could potentially be applied to large data sets.
Sire misidentification reduces heritability estimates and contributes to variation in h 2 H . Van Vleck (1970) demonstrated that heritability estimates from paternal sibling correlations vary approximately by the squared percentage of cows with correctly identified sires. A reduction in heritability and associated decline in the accuracy of PTA arising from sire misidentification reduces genetic progress and variance among PTA (Geldermann et al., 1986; Banos et al., 2001) . Estimates of sire misidentification rate were 5.2% in the Israeli Holstein population (Ron et al., 1996) and 10% in the United Kingdom (Visscher et al., 2002) based on tests of 173 and 837 cows, respectively. Geldermann et al. (1986) reported an overall sire misidentification rate of 13% for 1,221 daughters of 15 German-Friesian progeny test bulls. The misidentification rate for daughters of individual sires ranged from 4.7 to 24.1%.
The effect of sire misidentification on genetic evaluations is particularly problematic when it occurs in prog-eny test herds. Predicted transmitting ability based on first crop daughters will largely determine which bulls enter a proven sire lineup after progeny testing and which bulls become sires of sons. Change in PTA between first and second crop genetic evaluations of US sires is persistently higher than predicted based on reliability of first crop daughters (Powell et al., 2004) . Inaccurate PTA can cause an inaccurate group of bulls to be marketed, and more importantly, an inaccurate group of bulls to be chosen as sires of sons. Other studies have stated that misidentification generally reduces PTA for high genetic merit bulls while inflating PTA for low genetic merit bulls (Geldermann et al., 1986; Banos et al., 2001) . In general, high genetic merit bulls with many misidentified daughters will be disadvantaged relative to sires of equal genetic merit and fewer misidentified daughters because, on average, a misidentified daughter is only an average performer. However, there is an opportunity for misidentified daughters to have an effect on the sire's proof in either direction because not all misidentified daughters are average. Determining which sires were proven in low h 2 H herds might help identify bulls whose genetic merit are most likely to be inaccurately estimated.
Sire identification can be verified using DNA markers, but costs involved with such testing generally limit the number of herds and cows tested. Even when sire identification is correct, electronic identification errors in the milking parlor and poor record keeping can reduce data accuracy. Thus, identification of herds with low h 2 H and subsequent correction of the source of data error would improve the accuracy of progeny testing. Estimates of h 2 H would be particularly valuable if h 2 H was significantly correlated with sire misidentification. Dechow and Norman (2007) estimated h 2 H for up to 499 herds at one time, but generating h 2 H for all herds contributing to genetic evaluations simultaneously has not been attempted before.
The objectives of this study were to determine the feasibility of generating h 2 H for all herds in a national data set, and determine the relationship between h 2 H and herd misidentification rate.
MATERIALS AND METHODS
Data for this study were mature-equivalent milk, fat, and protein yield, and SCS from the national dairy database for first through fifth parity cows. Fat and protein percentages were derived from mature-equivalent yields. Records were included only if cows had records available for all traits. Herd heritability was calculated twice: first for all herds in the data set as of Therefore, there were fewer total herds analyzed for 2000. Records were retained for a 2 to 5 yr window depending on herd size. If more than 1,600 lactation records were available in a 2, 3, or 4 yr span, the total years of records used were truncated at <5 yr. Heritability estimated with 1,600 daughter-dam pairs would have an approximate standard error of 0.05 (Falconer and Mackay, 1996) . This allowed sufficient observations to estimate h A lactation record was retained only if the cow's sire had reliability for PTA milk of 0.50 or greater. No restrictions were placed on the breed of the cow. Cows were required to calve between 18 and 120 mo of age. Herd-year-season of calving had 6 bimonthly calving seasons. For herd-year-seasons with <5 cows, seasons were expanded to 4-mo intervals. Herd-year was substituted for herd-year-season if <5 cows were in the herdyear-season after expanding season length; herd-years with <5 cows were excluded.
Heritability Estimates
Herd heritability for milk, fat, and protein yields, SCS, and fat and protein percentages were estimated with daughter-dam and daughter-sire PTA regression using the methods of Dechow and Norman (2007) . Dam records were adjusted for age within parity and herd phenotypic variance (σ 2 H ) was estimated with the following model:
where y ij = mature-equivalent milk, mature-equivalent fat, mature-equivalent protein yield, SCS, fat percentage, or protein percentage for parity i of cow in yearseason j; b i = coefficient for fixed regression on age nested within parity (A); YS j = fixed effect of year-season j; and e ij = random residual. The analysis was applied to each herd individually with the MIXED procedure of SAS (SAS Inst. Inc., 2000) .
To account for heterogeneity of variance among herds, residual variance from model 1 was used to generate σ 2 H that was regressed toward the average residual variance for a state. Herd residual variance was weighted by the residual degrees of freedom from model 1 and the average residual variance for all herds from a state was assigned a weight of 20, which is equivalent to the weight assigned to the average regional herdyear variance in heterogeneous variance adjustments for US genetic evaluations (Wiggans and VanRaden, 1991) .
Herds with no residual degrees of freedom in model 1 were removed from the data set. There were 188 The random regression coefficients (b do and b so ) were assumed to be correlated with the following variance structure: 
Herd Misidentification
Paternity verification results from DNA marker analysis were provided by Alta Genetics Inc. (Westby, WI) for herds that were candidates for the Alta Advantage progeny testing program and by Genetic Visions Inc. (Watertown, WI) for herds that were candidates for the Accelerated Genetics PACE young sire program. The paternity verification results for Alta Genetics Inc. were from a 15-microsatellite marker analysis with an 11 microsatellite secondary panel in case of inconclusive results. The verification procedures varied slightly over the study period for Genetic Visions Inc., but included from 6 to 9 microsatellite markers and 32 SNP markers. The herds were larger than average and were using progeny test semen or interested in doing so. Not all of the herds were involved with DHI testing or remained on test in 2006, so not all herds with misidentification data had h Multiple-regression equations were used to generate three prediction formulas for herd misidentification rate based on 2006 h 2 H estimates. Misidentification rates from Alta Genetics Inc. were used to derive a prediction equation for misidentification. The resulting formula was then applied to h 2 H estimates for herds with misidentification observations from Accelerated Genetics and the correlation between predicted and observed misidentification rates was estimated. Likewise, misidentification rate observations from Accelerated Genetics were used to predict misidentification for the Alta Genetics Inc. sample. A pooled sample from both studs was also used to predict misidentification rate for all herds with 2006 h 
RESULTS AND DISCUSSION
The mean and SD of h Daughter-dam h 2 H were reported to be higher than daughter-sire h 2 H by Dechow and Norman (2007) . Daughter-dam heritability estimates for milk yield are also higher than heritability estimates from paternal half-sibling correlations (Van Vleck and Bradford, 1965, 1966) . Maternal and common environmental effects among daughters and dams likely inflate daughter-dam heritability (Van Vleck and Bradford, 1965 (Falconer and Mackay, 1996) . Average daughter-dam and daughter-sire matureequivalent milk h 2 H estimates for various breeds are displayed in Table 2 . A herd was included in the breed average if at least 75% of cows in that herd represented the respective breed. A herd with less than 75% of all breeds or with more than 75% crossbreds (7 herds) was pooled into a mixed breed category. Average daughterdam h 2 H ranged only from 0.35 to 0.37, whereas daughter-sire h analysis, which should reduce potential bias further in the future.
Misidentification
The average initial herd misidentification rate for the 396 herds screened by Alta Genetics Inc. and Accelerated Genetics was 26%. The average misidentification rate for 230 herds that also had h 2 H available was 18.2%. The misidentification rate for individual herds ranged from 0 to 93.7% and among herds with 50 or more cows tested, the range was 1.5 to 50%. Not all herds from the initial screening were, or are currently, part of the Alta Advantage progeny test program or the Accelerated Genetics PACE program because the accuracy of identification did not meet the standards of the respective young sire programs. Therefore, the misidentification rates presented are substantially higher than the misidentification rate of Alta Advantage or PACE progeny test herds.
It is clear that misidentification rates are high in many large dairy herds, which severely compromises the accuracy of genetic evaluations when those herds are involved in progeny test programs. However, there are also many large herds with low misidentification rates and that can be valuable contributors to progeny test programs. Aggressive DNA sampling of progeny test daughters can also allow misidentified daughters to have their parentage corrected, as is currently the practice in Alta Advantage herds.
Correlations between h 2 H and herd misidentification rate are reported in Table 3 Figure 1 . There was significant evidence of a nonlinear relationship (quadratic effect significant at P < 0.01) between misidentification and h 2 H . Misidentification rate was relatively constant for herds with average or higher h 2 H , but increased significantly as h 2 H became lower. Misidentification has been shown to reduce heritability estimates previously (Van Vleck, 1970; Geldermann et al., 1986) .
Whereas there is a clear relationship between misidentification rate and measures of h 2 H , there are notable exceptions. There were 14 herds with 0% misidentification rates, but that had PRIN ALL lower than average. The lack of misidentification in those herds may have reflected limited sampling. The average number of cows tested in those herds was 14.5, with a range of 3 to 37. It is also likely that factors other than misidentification rate influenced the heritability estimates. Zwald et al. (2003) reported that several factors other than misidentification rate were associated with varying heritability levels, including yearly rainfall, maximum monthly temperature, percentage of North American Holstein, and herd size. The measures of heritability and corresponding regression coefficients used to predict herd misidentification rate are reported in Table 5 . The bull stud specific equations predicted misidentification rates for samples originating from the opposite bull stud with moderate accuracy. The correlation of predicted and observed misidentification rate for Accelerated Genetics was 0.54 and the mean absolute difference between observed and expected misidentification was 10.51, whereas the correlation and mean absolute differences for Alta Genetics Inc. were 0.42 and 11.18, respectively. This indicates that h 2 H could be a useful tool to help identify herds with poor sire misidentification, but that the predicted misidentification rate for an individual herd is not precise.
In general, the prediction equations were not more strongly associated with misidentification than PRI- Table 6 . Number of herds (n) and mean, standard deviation, and minimum and maximum predicted misidentification rate among herds stratified by the average annual number of first-parity cows Table 6 . Average predicted misidentification rates ranged from 14.5 to 20.9 and increased with herd size for those herds milking more than 50 first lactation daughters. The standard deviation of predicted misidentification also increased as herd size increased because the methods of generating h 2 H regress estimates to the mean more severely for small herds than for larger herds (Dechow and Norman, 2007) , but in all herd size groups the maximum was 47% or more.
CONCLUSIONS
Current levels of sire misidentification in the US dairy industry could have a severe impact on the accuracy of genetic evaluations. Heritability estimates for 20,920 individual herds were successfully estimated using daughter-dam and daughter-sire PTA regression and higher h 2 H was correlated with lower herd misidentification rates. Progeny test programs should avoid herds with lower than average h 2 H for multiple heritability estimates, or verify parent identification in those herds with DNA marker analysis. Small herds had lower average predicted misidentification rates, but larger herds had h 2 H that were more stable over time and herds of all sizes were predicted to have misidentification rates as high as 47%. Selection of herds with low sire misidentification rates and accurate herd records should be a higher priority than herd size in progeny test programs.
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